Objective: To assess the prevalence of prehypertension and hypertension, their determinants and associated cardiovascular risk factors in Congolese urban dwellers. Methods: From July 2007 to March 2008, we collected information on lifestyle habits, medical history and anthropometric data in 1292 household members of Adoula Quarter, Kinshasa, aged 20 years or more, 731 women (56.6%). We obtained measurements of BP, blood glucose, serum lipids and qualitative proteinuria. We defined blood pressure categories according to JNC7 classification and used logistic regression analyses to assess their independent determinants. We obtained age adjustment of continuous and categorical variables using GLM and Genmod procedures, respectively. Results: Prehypertension was observed in 30.3% of subjects, 34.9% of men and 26.7% of women (P = 0.0045). The prevalence of hypertension amounted to 30.9% with no difference between genders. Participants with prehypertension had average age, BMI and waist circumference intermediate between those with normal BP and hypertensive subjects. Their glucose and lipids levels were * Corresponding author.
Introduction
In sub-Saharan Africa, chronic non communicable diseases are expected to account for 46% of all deaths by 2030 according to World Health Organisation prevision [1] . With between 20% and 50% of adult people affected in western societies and 25% to 28% in the Africans, hypertension is among the most prevalent chronic non communicable conditions [2] . Elevation of systolic blood pressure by 20 mm Hg or diastolic blood pressure by 10 mmHg above the threshold of 115/75 mmHg was reported to twofold increase cardiovascular mortality [3] . Such an elevation conveys arterial blood pressure in JNC7 category of pre-hypertension defined as systolic blood pressure of 120 -139 mmHg and/or diastolic blood pressure of 80 -89 mmHg [4] . Pre-hypertension appears to be an intermediate step towards definite hypertension. It is 1.65 times more likely to be associated with another risk factor thereby considerably raising the odds of severe cardiovascular events. Therefore, non pharmacological treatment of the subjects with prehypertension is highly advised with the potential to avoid the development of high blood pressure and the various subsequent clinical disorders [5] - [9] .
In the Democratic Republic of the Congo (DRC) the elevated prevalence of hypertension among urban dwellers [10] [11] was reported to be associated with gloomy complications such as strokes, cardiac failure and chronic kidney disease the management of which is limited by scarce resources and poverty [12] . To curb hypertension induced morbidity and mortality, it appears mandatory to identify, control and prevent determinants of blood pressure elevation in the community. Therefore, in the present study we assessed the magnitude of prehypertension and hypertension, their determinants and associated cardiovascular risk factors among adult inhabitants of a Congolese urban community in the framework of the VITARAA Study (VIsite de la Tension Artérielle et du Risque Associé en Afrique).
Methods
The population of Adoula Quarter of Kinshasa (the Democratic Republic of the Congo) consisted of 27,860 inhabitants living in 3486 households (nearly 8 members/household) with females representing 53.2% (n = 14,820). People aged 10 years and over (n = 17,830) represented 64% of the whole population. To identify a 10% representative sample of the latter people, we randomly selected 350 households expecting a total of 1790 subjects to constitute the target population to be visited at home in the framework of the present survey. At the end of the home visits, 1914 subjects (107% of the expected total) were approached. Twenty six subjects refused to participate in the study; 1888 individuals were examined. The participation rate was thus 98.6%. However, the files of 64 participants got lost during the transfer from the quarter to our office, leaving data of 1824 subjects available for analysis. Because age (average: 35 ± 17 years) and gender distribution (49 females; 54.4%) of these 90 subjects not included in the study were similar to those of the whole study group, we felt the incidents would not seriously impact the study outcomes. From July 2007 to March 2008, two working days per week, teams of properly trained health professionals visited the households between 6.00 and 9.00 pm.
The present analysis focuses on adult subjects aged 20 years or more (n = 1292; 731 women: 56.6%) from whom we obtained demographic data, history of hypertension and diabetes mellitus and current medication for chronic diseases. We collected information on their leisure time physical activity, use of alcohol and tobacco, and weekly consumption of vegetables and fruits. We measured their body weight, height, waist circumference, sitting blood pressure and heart rate, casual blood glucose and plasma lipids concentrations.
Using a validated electronic device (OMRON M6, HEM 7001E) with appropriate cuff fitted to the upper right arm circumference, two consecutive measurements of blood pressure were recorded after the subject had relaxed five minutes or more in the sitting position. A third measurement was obtained if the first two differed by at least 10 mmHg. The brachial pulse rate was recorded together with blood pressure. For analysis, we averaged these blood pressure and pulse rate readings. The calibration of blood pressure monitors was checked every four weeks against a standard mercury sphygmomanometer using a T-tube and applying static pressures ranging from 0 to 200 mmHg at 50 mmHg intervals. Devices that deviated by 4 mmHg or more were replaced by new machines. With the subject in loose clothing without shoes, we obtained a body weight measurement to the nearest 100 grams using an electronic scale (Terraillon; TT100, Terraillon SAV MGF Logistique, Gennevilliers, France), and, to the nearest centimeter, a body height and a waist circumference using a tape measurer. Body mass index was weight in kilograms divided by the square of height in meters. We applied a dipstick test (Medi Test Combi 9, Düren, Germany) on freshly voided urine samples. Proteinuria was a score of + or higher. A random glycaemia was determined on a capillary blood drop (Accu-Chek Aviva, Roche, Mannheim, Germany). A five millilitre blood sample withdrawn from an antecubital vein was centrifuged during five minutes at 3000 rounds/min. The Buffy coat was immediately discarded. The plasma was stored at −70 degrees until determination of lipid concentrations at the laboratory of biochemistry, Erasme Hospital, Brussels, Belgium.
We assessed cardiovascular risk factors according to the 2007 ESH/ESC guidelines [13] . We applied JNC7 categories of blood pressure to define pre-hypertension (systolic blood pressure 120 -139 mmHg and/or diastolic pressure of 80 -89 mmHg in subjects exempt of antihypertensive treatment) and hypertension (blood pressure of at least 140 mmHg systolic or 90 mmHg diastolic, or use of antihypertensive drugs) [4] . Overweight/ obesity was a body mass index ≥ 25 kg/m 2 [14] . Abdominal adiposity was a waist circumference of at least 80 cm or 94 cm in women and men, respectively [15] . Known diabetes mellitus was a self-reported diagnosis or use of diabetic medication [16] . Hypercholesterolemia was a total cholesterol > 190 mg/dL or use of lipid lowering medication. Dyslipidemia encompassed triglycerides > 150 mg/dL, LDL-cholesterol ≥ 100 mg/dL, HDL-cholesterol below 50 mg/dL or 40 mg/dL in women or men, or the presence of hypercholesterolemia. Metabolic syndrome was defined by coexistent of abdominal adiposity with at least two of the following features [15] : known diabetes mellitus; blood pressure > 130/85 mmHg or hypertension; triglycerides > 150 mg/dL or use of lipid lowering treatment; HDL < 50 mg/dL in women or < 40 mg/dL in men. People whose physical activity was less than 30 minutes for at least three days per week were categorized as not engaging in sport. Smokers and alcohol drinkers were participants reporting regular use of tobacco or alcoholic beverages at least once per week. Consumption of at least one vegetable serving five days or one fruit three days per week was considered as high.
Statistical Methods
For database management and statistical analysis, we used SAS software system, version 9.3 for windows (SAS Institute, Cary, NC). Because of significant differences in age distribution between blood pressure categories continuous variables were expressed as age-adjusted means and their 95% confidence intervals using analysis of covariance in GLM procedure and categorical variables as age-adjusted prevalences and their 95% confidence intervals using logistic regression analysis by Genmod procedure. In multivariable' adjusted analyses, we modelled the odds for prehypertension and hypertension using stepwise logistic regression with the P-value for independent variables to enter and stay in the model set at 0.10. The independent co-variables considered for entry into the model were sex, age, pulse rate, and classification variables (0.1) coding for current smoking, overweight/obesity, abdominal adiposity, physical inactivity, vegetable and fruit consumption, dyslipidemia, proteinuria, and diabetes mellitus. The odds for prehypertension were obtained with hypertensive subjects excluded from the analysis. Statistical significance was a P-value of 0.05 or less on two-sided tests.
Results
Characteristics of participants by blood pressure category.
Blood pressure was normal in 502 participants (39.8%), whilst 391 (30.3%) and 399 subjects (30.9%) had prehypertension and definite hypertension, respectively. The participants' age averaged 37 ± 15 years for the whole study population with significant differences (F = 161.23; P < 0.0001) observed between categories of normal blood pressure (31 ± 12 years), prehypertension (35 ± 13 years) and hypertension (47 ± 16 years). Table  1 shows age-adjusted means and 95% confidence intervals of clinical and biological characteristics and age-adjusted prevalences of additional risk factors in the three categories of blood pressure.
Prehypertension predominated among men (34.9% vs 26.7%; P = 0.0045) whereas definite hypertension tended to affect more women than men (31.7% vs 29.8 %; P = 0.0748). Subjects with prehypertension had average body mass index and waist circumference intermediate between those of individuals with normal blood pressure and definite hypertension. Pulse rate, blood glucose, total cholesterol, LDL cholesterol and triglycerides levels significantly increased with the categories of blood pressure.
For the whole study population overweight/obesity, abdominal adiposity and dyslipidemia were observed, respectively in 545 (42.2%), 553 (42.8%) and 636 (81%) participants. Respectively 68 (5.3%), 490 (37.9%), 722 (55.9%) and 469 (36.3%) participants reported tobacco use, alcohol intake, low fruits and vegetables consumption. Known diabetes mellitus and metabolic syndrome were found in 54 (4.2%) and 96 (7.4%) subjects, respectively. The rate of overweight/obesity, central adiposity, dyslipidemia and metabolic syndrome significantly increased with category of blood pressure (P < 0.05 or less). The proportion of additional risk factors was similar in the group of normal blood pressure and prehypertension. Values are age-adjusted means or prevalences and 95% confidence intervals. The lipids measurements were obtained in 786 subjects (428 women and 358 men): 292 with normal BP, 245 with prehypertension and 249 with hypertension. TC = Total cholesterol, HDL-C = HDL cholesterol, LDL-C = LDL Cholesterol, $ = significant difference in comparison to normal blood pressure; £ = significant difference in comparison to hypertensive subjects.
In participants aged 20 -29 years the prevalence of prehypertension amounted to 33% for both genders combined and was only 16.7% in those above 60 years whereas the prevalence of hypertension significantly increased from 11.2% to 71.4%.
In the logistic model (Table 2) , the probability to present prehypertension was greater for male gender (odd ratio: 
Discussion
The main finding of the present study was the elevated prevalence of prehypertension and hypertension in this Congolese urban population. The prevalence of prehypertension was higher among males than that among females and in overweight/obese subjects; it was lower in those above age 55 years and in participants with high weekly fruit consumption. The elevated prevalence of hypertension in this urban population was accounted for by aging, overweight/obesity, faster pulse rate and, paradoxically, by increased vegetables consumption.
The observed prevalence of prehypertension is of the same magnitude (31%) as reported in United States [17] but somewhat lower than that found in Beijing (35.7%) [18] or among the Ashanti of Ghana (40%) [19] . Likewise, the rate of 14.5% in the Turkish region of Trabzon [20] was also lower than that in the present work. Despite this discrepancy, our data concur with most studies [17] - [21] with regard to the predominance of male gender among people with prehypertension. Indeed, in the logistic model the risk of prehypertension was 1.4 times greater in men than that in women. The rate of prehypertension was high below age 30 and tended to decline thereafter whilst for both genders combined the prevalence of definite hypertension increased. Such an observation confirms the transient nature of prehypertension and its tendency to progress towards definite hypertension with aging. Over the age of 55 years, the logistic model suggests the prevalence of prehypertension was about 57% lower than that at younger age.
Prehypertension was rarely an isolated condition. Most participants with prehypertension displayed at least two additional cardiovascular risk factors and had indices of obesity that were intermediate between subjects with normal blood pressure and those with definite hypertension. The association of prehypertension or hypertension and overweight/obesity concurs with the literature [20] - [26] and is known to major the risk of atherosclerosis [27] [28] . Overweight/obesity is characterized by sympathetic overload responsible for elevated systemic vascular resistance [29] [30] and expanded extracellular volume through which cardiac output and blood pressure can be increased [31] [32] .
Our work highlights the low risk of prehypertension among participants with high fruit consumption. Poor dietary vegetables and fruits intake and sedentary life favour development of insulin resistance, type 2 diabetes mellitus, metabolic syndrome and cardiovascular diseases [33] - [35] . High fruit consumption might result in increased potassium intake the beneficial effect of which on blood pressure level had already been demonstrated [36] . Potassium is known to induce natriuresis and vasodilatation responsible for reduction in extracellular vol- [39] . It is higher than that previously observed in the same community some 23 years ago [40] but somewhat lower than the findings in the Turkish region of Trabzon (44%) [20] , in Europe (44.2%) [39] or in our report from Bukavu in the Eastern Congo (41.4%) [11] . The odds for hypertension, higher with ageing, over-weight/obesity and faster pulse rate in the logistic model is a rather common finding. Indeed, through an increase in cardiac output, blood pressure rises in middle aged individuals and through high systemic resistance in the aged. An increase in systemic vascular resistance occurring with advance in age attests endothelial dysfunction due to atherosclerotic vascular wall stiffness favored by oxidative stress and various vasoconstriction mediators. Arterial wall stiffness appears to be a major predictor of cardiovascular events [41] .
At variance with most literature, the probability to develop hypertension was greater in our participants with higher vegetables consumption. Such an effect paradoxical in appearance of high vegetables intake in our setting seems to be compatible with the culinary traditions. Consumption of rough vegetables is exceptional among our populations. The way vegetables are processed might be considered the culprit responsible for their apparently offending property.
The global cardiovascular risk appears to be elevated among our participants with prehypertension and hypertension in whom the prevalence of metabolic syndrome was high. Prehypertension and hypertension were associated in most cases with at least two additional cardiovascular risk factors thus enhancing the odds to develop cardiovascular events [9] [19] [20] [42] [43] . The risk in subjects with prehypertension has been attributed to endothelial dysfunction, increased level of pro-inflammatory cytokines and gamma glutamyl-transferase, oxidative stress, and structural remodelling of the myocardium in comparison to subjects with blood pressure in the normal range [9] [23] [44] - [47] . Unlike other studies [11] [37] [48] [49] the rates of diabetes mellitus were similar in our three blood pressure categories whereas in accordance with most reports [18] Our results should be interpreted within the limitations of the present work. First, the definition of prehypertension and hypertension relies on the average of only two blood pressure measurements obtained at a single occasion. These measurements may not reflect the usual blood pressure of the participants. Second, the prevalence of diabetes and metabolic syndrome were surely underestimated. Only patients with known diabetes were identified as such. Because the casual capillary glucose level was not obtained in codified conditions, it was thus not used as a criterion for detection of diabetes mellitus. Third, our urban population is a mixture of participants from a variety of tribal origin and cultures that were surely not evenly represented in our sample. It is therefore uncertain whether the results may be safely extrapolated to the entire Congolese population. Moreover, in view of the population low education level, the accuracy of information concerning life habits cannot be totally warranted. Because accurate procedures to assess visceral adiposity such as tomography or absometry were not readily available, we evaluated abdominal adiposity by means of waist circumference. Finally, the overall cardiovascular risk might have been underestimated since cardiac and renal function was not assessed. Nonetheless, our results suggest that prevention of cardiovascular disease in Africa should encompass measures meant to control determinants of blood pressure elevation, the main driver of the current epidemic.
